Résumé. 2014 Abstract. 2014 We compute the texture of the inversion walls which appear in nematics in a magnetic field. In the isotropic case, where the 3 curvature elastic constants are equal, the Brochard planar description is correct. In the anisotropic general case, we find an unpredicted director rotation around the field, which minimizes the elastic free energy of the wall, by transferring some curvature distortion toward the lowest elastic constant curvature mode. This rotation is calculated to first order in the
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The textures of nematic liquid crystals can be distorted by magnetic (or electric) fields. In the so-called Freedericksz transition, two symmetrically distorted textures can be created, separated by a « wall ». The structure of this wall has been calculated using the curvature elasticity by Brochard [1] . In the case where the wall makes a closed loop, this model predicts that this loop should be an ellipsis, with the axis ratio equal to the square root of the curvature elastic constants' (*) On (**) Laboratoire associe au CNRS.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:019840045016079300 ratio. These ellipses have indeed been observed in thermotropic nematics by Leger [2] who derived the elastic constants by this technique. Recently, Liebert and Figueiredo Neto [3] have observed these closed loop walls in lyotropic nematics. It appears that the optical neutral axes of these birefringent walls are twisted. This twist was not predicted by the model of reference [1] .
In this Letter, we give an explanation of this twist of birefringence along the walls in terms of a director « refraction » across the walls. As usual, the « director » n is the local optical axis of the system. We also explain why this « refraction » was not observed in thermotropic liquid crystals. The three-dimensional geometry of the wall is sketched in figure 1 . In absence of field the nematic sample is uniformly oriented by two rubbed plates, along X, in a planar geometry. The magnetic field H is along z. Above the Freedericksz transition threshold He the director n is assumed to Fig. 1 
for small distortions [4] . Fig. 3 ). To second order in ~, two additional source terms appear, in the 0 equation, namely : The sources now induce a twist b2 which is event in z. The order of magnitude of b2 is : = g(O, 0). g is zero for constant 0 = 00. It can be expanded in powers of 6, i.e. of k;. F is quadratic in ki, since the additional twist 5 decreases F whatever the sign of ki may be. The torque g acting on 0 is then also quadratic in k~, since it is obtained by derivation with respect to 0. To first order in ki, the resulting change in 0 can be neglected, which justifies our previous calculation of 0. We will now discuss the case of closed loop walls. In reference [1] , the wall energy per unit length (the wall « tension ») was calculated, with the approximation of a straight line shape. Applied to a closed loop of radius of curvature R larger than d, an elliptical shape was predicted, with the axes proportional to the square root of the curvature elastic constants. In our perturbation calculation, the wall energy is quadratic in k~, so that for small k~ the wall tension is unaffected. The prediction of [1] remains valid. However, in the practical case of thermotropic nematics, k~ can be of the order of 1, and even larger close to a second-order transition to a smectic phase, so that a new calculation is necessary. We have already seen that the twist 6 across the walls containes parts proportional to sin 00 and sin (ko cos 00, and not to cos 00. This is a very general property of the system. Because of the symmetry of the texture with respect to the (z, X) plane, the twist inside the wall must remain zero for 00 = mn (m integer). The induced twist ~ in a wall must be maximum for 00 = ~ + mn. Because 0 decreases the energy of the latter walls only, one expects 2 the length of the Y axis of an elliptical loop to decrease in length, whatever the initial ellipticity may be. That part of the twist proportional to sin 00 cos 00 is not expected, by symmetry, to change the ellipticity of a closed loop wall, but to distort the ellipsis toward a lozengic shape. The case of small radius loops (R d) is more delicate to discuss. As these loops are unstable, they contract toward their centre before vanishing. Their exact shape must depend not only on the balance of elastic torque, but also on viscous drag effects. In the extreme case of polymeric nematics [5] , one expects K 1 &#x3E; K 2, K 3. With our perturbation technique, a quantitative prediction of the wall energies for these very anisotropic cases is difficult. Assume K 2 = K ~ = a2 K 1, (a ~ 1). We can use a heuristic argument. One can interpretate simply the wall energy calculated by Brochard [1] , in the planar approximation (~ = 0). The wall energy T (per unit length) increases because 0 is no longer tilted toward H, with the compensation of the absence of splay, i.e. (x~/0~ and 0~ ~ (1 - ç2/d2) [1] . We now discuss the optical properties of these twisted walls. When the birefringence An of the nematic is strong, (An. d &#x3E; ~,, wavelength of light) which is the usual case for thermotropics, the twist inside the wall is not visible. We are in the Maughin limit where the light polarization, propagating across the sample, follows adiabatically the director [4] . As [6] to check in this case the possible existence of a director refraction.
